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A 11-year-old boy with acute myeloid leukemia was
brought for treatment of severe acute respiratory infection
in the National Capital Region, New Delhi, India. Avian
influenza A(H5N1) infection was laboratory confirmed.
Complete genome analysis indicated hemagglutinin gene
clade 2.3.2.1a. We found the strain to be susceptible to
amantadine and neuraminidase inhibitors.

vian influenza viruses remain major threats

worldwide, responsible for multiple outbreaks
among poultry and episodes of transmission to hu-
mans. During January 2003-February 3, 2022, there
were 862 reported cases of human infection with avi-
an influenza A(H5N1) virus in 18 countries, resulting
in a 53% case-fatality rate (https://www.who.int/
docs/ default-source/ wpro---documents/emergen-
cy/surveillance/avian-influenza/ ai-20220401.pdf).

The first outbreak of highly pathogenic avian in-
fluenza H5N1 in poultry in India, which occurred in
January 2006 in Maharashtra, was caused by clade 2.2
(1); subsequent yearly outbreaks reported in poul-
try across the country were caused by newer clades
2.3.2.1and 2.3.2.1c (2-4). Avian influenza surveillance
in poultry revealed the presence of low-pathogenic-
ity HIN2 and H4NG6 viruses (5). On March 15, 2019,
a human case of low-pathogenicity avian influenza
A(HO9N2) was detected in India (6). To date, 371 H5N1
and H5NS8 avian influenza outbreaks in domestic or
wild birds have been recorded in 15 of 28 states in
India (https://empres-i.apps.fao.org/diseases). The
first outbreaks of highly pathogenic avian influenza
H5N8 in Europe were reported in August 2020 and
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since have been reported in poultry and wild birds in
several countries in Europe, Asia, and Africa (https://
web.oie.int/downld/SG/2021/ A_885G_2.pdf).

The Study

An 11-year old boy who had acute myeloid leuke-
mia diagnosed in June 2021 in the department of pe-
diatrics at the All India Institute of Medical Sciences
(AIIMS) in New Delhi was brought in for treatment
of fever, cough, coryza, and breathing difficulty in
the first week of July 2021. The patient was a resi-
dent of Gurugram, National Capital Region (Delhi),
India. His clinical work-up showed febrile neutrope-
nia with pneumonia and shock, which progressed to
acute respiratory distress syndrome, so he was me-
chanically ventilated. He then developed multiorgan
dysfunction, which ultimately resulted in his death
on July 12, 2021. An in-depth interview with family
members indicated that the patient often frequented
a family-owned poultry business and may have been
exposed to birds with undetected infection, although
no infected domestic or wild avian sources or any en-
vironmental contamination had been reported in or
around the residence of the child.

Staff in the AIIMS department of pediatrics re-
ferred nasopharyngeal (NP) swab specimens collect-
ed on July 7 and bronchoalveolar lavage (BAL) fluid
collected on July 11 to the department of microbiol-
ogy for respiratory virus testing, which used a Fast
Track Diagnostics Respiratory Pathogens 21 kit and
real-time PCR for influenza (https://www.siemens-
healthineers.com) for diagnosis. Both BAL and NP
samples tested positive for influenza A and influen-
za B Victoria lineage. Influenza A type could not be
determined, so we referred samples to the National
Influenza Centre at the Indian Council of Medical
Research of the National Institute of Virology (Pune,
India) for differential influenza diagnosis. The real-
time reverse transcription PCR for avian influenza
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Figure 1. Hemagglutinin gene phylogenetic tree

of avian influenza viruses, constructed using the
neighbor-joining method as implemented in MEGA 7
(https://www.megasoftware.net). Blue text indicates
the study strains (clinical and isolate); shaded area
represents the Bangladesh and India strains in clade
2.3.2.1a. Gs/Guangdong/1/96 was used as the
outgroup sequence. Scale bar indicates number of
nucleotide substitutions per site.
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Figure 2. Neuraminidase gene
phylogenetic tree constructed using
the neighbor-joining method as
implemented in MEGA 7 (https://
www.megasoftware.net). Blue text
indicates the study strains (clinical and
isolate); shaded area represents the
Bangladesh and India strains in clade
2.3.2.1a. Gs/Guangdong/1/96 was
used as the outgroup sequence. Scale
bar indicates number of nucleotide
substitutions per site.
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viruses H5Nx, H7N9, HIN2, and H10N8 was per-
formed as documented elsewhere (7,8); results were
positive for an H5NXx virus (cycle threshold value for
H5 was 25). To confirm the subtype A/H5 identity,
short fragments of multiple genes were sequenced:
230-bp matrix, 400-bp hemagglutinin (HA), 600-bp
neuraminidase (NA), 600-bp nonstructural), and the
influenza B HA gene, and results were analyzed us-
ing BLAST (https://blast.ncbi.nlm.nih.gov/Blast.
cgi). We isolated and identified strain A/India/NIV-
SARI-4571/2021 (H5N1) at a Biosafety Level 4 labora-
tory using MDCK cells.

We then generated whole-genome sequences from
the original clinical NP samples and BAL-and MDCK-
grown for passages 1 and 2 isolates using the Miniseq
NGS Platform (Illumina, https:/ /www.illumina.com)
and a de-novo assembly program using QIAGEN CLC
Genomics software 10.1.1 (https://www.quiagen.
com). We constructed phylogenetic trees for 8 genes
of A/India/NIV-SARI-4571/2021 (H5N1) virus us-
ing the neighbor-joining model with a Tamura-Nei
nucleotide substitution performing 1,000 replicates of
bootstrap support implemented in MEGA 7 (https://
megasoftware.net) software. We submitted sequences
to GenBank (accession nos. OL311384-91).

The sequences generated for the original clinical
sample and the passaged virus were identical, sug-
gesting no passage-induced mutations. We performed
BLAST analysis of all 8 genes of A/India/NIV-SA-
RI-4571/2021. The HA gene showed 97% identity
with A/duck/Bangladesh/32003/2017 (H5N1). The
polymerase basic (PB) 1 and nonstructural genes
showed 97% nucleotide similarity to the avian in-
fluenza A/duck/Mongolia/729/2019 (H4N6) virus,
suggesting probable reassortment.

Phylogenetic analysis of the HA gene demon-
strated that the virus belonged to clade 2.3.2.1a (Fig-
ure 1) and clustered with the A/duck/Bangladesh
2017 (H5N1)-like strain. Clade 2.3.2.1a has a HIN2-
like PB1 gene and is the dominant clade in poultry
in many countries, including Vietnam (9), India (3),
Bangladesh, Bhutan, and Nepal (10). The NA gene
clustered with an A/crow/India/01CA02/2014
(H5N1)-like strain (Figure 2). Phylogenetic trees indi-
cate locations for the other 6 genes of the study strain
(Appendix Figure 1).

Using the WHO/CDC H5N1 inventory (11), we
reviewed potential markers for the newly identi-
fied A/India/NIV-SARI-4571/2021 strain. The HA
protein (H5) possessed a multiple basic amino acid
cleavage site motif (PQRERRRKR*G), resulting in
a highly pathogenic strain of clade 2.3.2.1 viruses.
The sequence of the 220-loop receptor-binding site
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between amino acids Q222 and G224 remains con-
served for the avian a 2-3 receptor.

We did not observe the NA and matrix 2 gene mu-
tations responsible for neuraminidase inhibitors and
amantadine resistance in the study strain. The virus
remains purely avian-adapted, and we observed no
markers for adaptation in mammals or pathogenic-
ity for humans (Appendix Figure 2). We also did not
observe PB2 hallmark mutations E627K and D701N,
responsible for host adaptation and virulence in mam-
mals in the study strain (12). The PDZ ligand domain
(ESEV) at the C terminus remained conserved. We ob-
served further compensatory mutations during the ad-
aptation of H5N1 in mice, L89V, G309D, T339K, R477G,
and I495V of PB2 (13) in the study strain. However, fur-
ther studies are required to understand their role.

No evidence of H5 antibodies was detected in 18
close contacts of the deceased child. Available infor-
mation and initial field investigations revealed that
no additional cases were detected, indicating low
human-to-human transmission. However, unreport-
ed high-pathogenicity avian influenza virus contin-
ues to exist in traded poultry in India, constituting a
substantial risk for further human exposure (https://
www.who.int/emergencies/disease-outbreak-
news/item/human-infection-with-avian-influenza-
a(h5n1)-%EF%BD%B0-india). Although widespread
avian influenza outbreaks have been documented
globally, only a limited number have shown trans-
mission of avian influenza viruses to humans (14).
The severe immunocompromised status of the child
in this study may have made him vulnerable, and
direct exposure to infected poultry might have been
the source of infection. Influenza B virus, simultane-
ously detected with influenza A in this case-patient,
is known to persist in such cases and might have been
identified because of a prior infection (15).

Conclusions

In December 2020 and early 2021, outbreaks of avian
influenza H5N1 and H5N8 were reported in poul-
try in 15 states in India; the National Capital Region,
Maharashtra, Punjab, and Kerala, in particular, were
severely affected. The whole-genome sequencing of
A/India/NIV-SARI-4571/2021 (H5N1) virus in our
study provides valuable insight into the absence of
hallmark mutations responsible for adaptation and
virulence in mammals. The strain remained sensitive
to amantadine and neuraminidase inhibitors. How-
ever, identification of a human H5N1 case in India
highlights the need for systemic surveillance at the
human-animal interface level.
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Appendix

App;ndix Figure 1. Phylogenetic tree of all ggenes of study virus A/India/NIV-SARI-4571/2021 (H5N1):
A) polymerase basic 2 gene (PB2); B) polymerase basic 1 gene (PB1); C) polymerase gene (PA); D)
nuclear protein gene (NP); E) matrix gene (M); and F) nonstructural gene (NS). The numbers above the
branches are the bootstrap probabilities (%) for each branch, determined using MEGA software, version 7
(https://megasoftware.net). We used Gs/Guangdong/1/96 as the out group.
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#A/India/NIV-SARI-4571/2021 PB2 ...... [ B i e Tae eesienes trentnrnns sieeaieeen aeareaaas aaeaaeaean
#A/India/NIV-SARI-4571/2021 P1 PBZ  ...... GB. e B e e Tt ettt teeie et b iieee tieeeeaeee e
#A/India/NIV-SARI-4571/2021 P2 _PB2  ...... GB. i B i e Tttt iiees te it eeeiee eeieaeas e

#A/goose/Guangdong/1/1996 LMVAYMLERE LVRKTRFLEV AGGTSSVYIE VLHLTQGTCW EQMYTPGGEV RNDDVDQSLI IAARRNIVRRA TVSADPLASL LEMCHSTOIG GIRMVDILRQ
$A/INdia/NIV-SARI-4571/2021_PB2 weurrverrs orvnennns mennennnns onennanns T o e b e eeeeeenas
4B/India/NIV-SARI-4571/2021 PL_PB2  teuevnunrn torinerann toneeaanen teeennnan caananns K ettt e e e e
#R/India/NIV-SARI-4571/2021 P2 PB2  ..uuiiuvrs wreennnnnn tonnenenns sannnnnnes soeennns K ttieites e iiieii e eeiaan hieieaaees eeeaaaaaan

#A/goose/Guangdong/1/1996 NPTEEQAVDI CKAAMGLRIS SSFSFGGFTF KRTNGSSVKK EEEVLTGNLQ TLKIKVHEGY EZFTMVGRRA TAILRKATRR LIQLIVSGRD EQSIAEAIIV
#A/India/NIV-SARI-4571/2021_PBZ  tevvininnen sevnnnennn vonnenns I. ...8..... Rovenennnns T
4R/India/NIV-SARI-4571/2021_P1_PB2
#A/India/NIV-SARI-4571/2021_P2_PB2

#A/goose/Guangdong/1/1996 AMVFSQEDCM IKAVRGDLNE VNRANQRLNP MHQLLRHFQK DAKVLFQNWG IEPIDNVMGM IGILPDMTPS AEMSLRGVRV SKMGVDEYSS TERVVVSIDR
42/India/NIV-SARI-4571/2021 PB2

4R/India/NIV-SARI-4571/2021 Pl _PB2 e e i e . . e e e
“A/Indla/NIV*SARI*LIE)'/l/20217?27?}32 .......... Vitennnens teetnnanss sansennsss sasaansans sanan Sever wViiaans N Tiienetiene tannnennns tonnsannns

#A/goose/Guangdong/1/1996 FLRVRDQOGN VLLSPEEVSE TQGTEKLTIT YSSSMMWEIN GPESVLVNTY QWIIRNWETV KIQWSQDPTM LYNKMEFESF QSLVPKARRS QYSGFVRTLE
#A/India/NIV-SARI-4571/2021 PB2 ....... Rev cvvinnennn vennn Rttt eeite it e e e aaeeae e Puviiiians [
4A/India/NIV-SARI-4571/2021 P1 PB2  ....... Riv tiviinnnns veann Rttt et i e e e eaeeae e - G i
#A/India/NIV-SARI-4571/2021 P2 _PB2  ....... Buv trnnnennns aennn Bttt eeite e heaaeeae e e aaeeaie aaaeeaas - G ovrniiaenas

#A/goose/Guangdong/1/1996 QOMRDVLGTF DTVQITKLLE FARAPPEPSR MOFSSLTVNV RGSGMRILVR GNSPVENYNK ATKRLTVLGK DAGALTEDED EGTAGVESAV LRGFLILGRE
4R/India/NIV-SARI-4571/2021_PB2 ......eee. o.oo.. Veeor iieeon Qe Vet e i e e Bie i X.
#R/India/NIV-SARI-4571/2021 P1 PBZ  .....vunvn wvnnn Veeer vunannn [ Bitit i e K.
#A/India/NIV-SARI-4571/2021_P2_PB2  sevevevnen wevns Veirr viaeens Lo T N K.

4R/goose/Guangdong/1/1996 DKRYGPALST NELSNLAKGE KANVLIMQGD VVLVMKRKRD FSILTDSQTA TKRIRMAIN®
#R/India/NIV-SARI-4571/2021 PB2  ....iiuvrs voeennnnnn vonnnn [ S i
#A/India/NIV-SARI-4571/2021_P1_PB2
#A/India/NIV-SARI-4571/2021_P2_PB2

#A/goose/Guangdong/1/1996 MDVNPTLLFL KVPAQNAIST TFPYTGDPPY SHGTGTGYTM DTVNRTHQYS EKGKWTTNTE TGAPQLNPID GPLPEDNEPS GYAQTDCVLE AMAFLEESHP
4R/INAia/NIV-SARI-4571/2021 PBL teiiuuiiin toiinninn oatitaaaat aoetitaeet b eee e ee e eee e e e eeii eieeea e
#R/India/NIV-SARI-4571/2021 P1_PB1
$R/India/NIV-SARI-4571/2021 P2_PB1

#A/goose/Guangdong/1/1996 GIFENSCLET MEVVQQTRVD KLTQGRQTYD WTLKRNQPAA TALANTIEVEF RSNGLTANES GRLIDFLKDV MESMDKGEME IITHFQRKRR VRDNMTKEMV
4R/India/NIV-SARI-4571/2021_PB1

#R/India/NIV-SARI-4571/2021 P1_PB1
$A/India/NIV-SARI-4571/2021_P2_PB1

4R/goose/Guangdong/1/1996 TQRTIGKKKQ RLNKRSYLIR ALTLNTMTKD AERGKLKRRA IATPGMQIRG FVYFVETLAR SICEKLEQSG LPVGGNEKKA KLANVVREMM TNSQDTELSE
#A/India/NIV-SARI-4571/2021_PB1 feeen . . e . . e . e . . . . B P . ..
#A/India/NIV-SARI-4571/2021_P1_PBl

#A/India/NIV-SARI-4571/2021_P2_PBL  .e..vnvn.. P
4h/goose/Guangdong/1/1996 TITGDNTKWN ENQNPRMFLA MITYITRNQP EWFRNVLSIA PIMFSNKMAR LGKGYMFESK SMKLRTQIPA EMLASIDLKY FNESTRKKIE KIRPLLIDGT
#A/India/NIV-SARI-4571/2021 PBL  L.tiitueis wovunnnnns toaneaanss sannnnnnes soeessnenn soansaenns P TS T
#A/INdia/NIV-SARI-4571/2021_PL_PBL teuvrunen teranneann tanneannen tenennnnen tovnnnenes tinnsnenns P S O S S
#A/INdia/NIV-SARI-4571/2021_P2_PBL  teutrnnnrn seranneann tanneannen menennenen tovnnnenen tonnenanas S SRR T T
4h/goose/Guangdong/1/1996 ASLSPGMMMG MFNMLSTVLG VSILNLGQKR YTKTTYWWDG LQSSDDFALI VNAPNHEGIE AGVDRFYRTC KLVGINMTKK KSYINRTGTC EFTSFEYRYG
$A/India/NIV-SARI-4571/2021_PBl tettiaunien teraneeann taneeannes teearnenan tarieiaaes aaaeaans Q ieiiiie e See veneiaans o
#A/INdia/NIV-SARI-4571/2021_PL_PBL teuvrnunrn teranneann tanneannen menannenen ternnnanes tinnenans Q teeiie e See vaienaaas Fovvniinnnns
4B/India/NIV-SARI-4571/2021 P2 PBL teuttnuirn onanetann tiieeaen teeetiae e e O i St iiiiiiinn o
#A/goose/Guangdong/1/1996 FVANFSMELP SFGVSGINES ADMSIGVTVI KNNMMDNDLG PATAQMALOL FIKDYRYPYR CHRGDTQIQT RRSFELKKLW EQTRSKAGLL VSDGGENPYN
$A/India/NIV-SARI-4571/2021 PRl teuiiennrs wevennnnnn venenennns P £ Tt ettt e e e L..
#A/India/NIV-SARI-4571/2021_P1_PBl N LT..

4R/India/NIV-SARI-4571/2021_P2_PBL N .T.

#A/goose/Guangdong/1/1996 IRNLHIPEAG LEWELMDEDY QGRLCNPLNP FVSHKEIESV NNAVVMPAHG PAKSMEYDAV ATTHSWIPKR NRSILNTSQR GILEDEQMYQ
#A/India/NIV-SARI-4571/2021_ PRl ceeeaaaVC

4A/India/NIV-SARI-4571/2021_P1_PB1 ..ve

4A/India/NIV-SARI-4571/2021 _P2_PBL  ........ e e et e e e e e e el LoSeaa
#A/goose/Guangdong/1/1996 PSSSYRRPVG ISSMVEAMVS RARIDARIDF ESGRIKKEEF AEIMKICSTI EELGRQK* [758]

#A/India/NIV-SARI-4571/2021_PBLl  teutiinirn tenannnann tenenannen manennnnen seraaneaas <..R.... [758]

4R/India/NIV-SARI-4571/2021 PL_PBL teuiriuern tinanatann teietaan aeeiaae ceiaaaeaas Lo.Re... [758)

4R/India/NIV-SARI-4571/2021 P2 PBL teuiriuern tenanatann teeiaiaen aeneianaen teianaeaas L .Re... [758]

#A/goose/Guangdong/1/1996 MEQEQDTPWT QSTEHINIQK RGNGORTQRL EHPNSIRLMD HYLRIMSRVG MHKQIVYWKQ WLSLKNPTQG SLKTRVLKRW KLESKQEWIS * [91]
#A/India/NIV-SARI-4571/2021 PRl .evivennrn wennnns Tew (EeenQeenr veens TQu.v +.. TTNOAD ..... AC... ..F..S.... ....loo... RS...... ™ . [91]
4R/India/NIV-SARI-4571/2021 P1_PBL  .....ouee. oonnn.. Teo EeeiQuenn wunnn TQ... ....TTNOAD ..... AC... ..F..S.... ....L..... RS...... ™ . [91]
4R/India/NIV-SARI-4571/2021 P2 PBL  .euovenern wonnn.. Ter (EeeiQuenn wnnnn TQ... ....TTNOAD ..... AC... ..F..S.... ....L..... RS...... ™ . [91]
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#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 PA
#A/India/NIV-SARI-4571/2021_P1_PA
4A/India/NIV-SARI-4571/2021_P2_PA

#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 PA
#A/India/NIV-SARI-4571/2021 P1_PA
#R/India/NIV-SARI-4571/2021 P2 _PA

#h/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 PA
#A/India/NIV-SARI-4571/2021 P1 PA
#R/India/NIV-SARI-4571/2021 P2 _PA

#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 PA
#A/India/NIV-SARI-4571/2021 P1 PA
#R/India/NIV-SARI-4571/2021 P2 _PA

#A/goose/Guangdong/1/1996
$R/India/NIV-SARI-4571/2021_PA
4R/India/NIV-SARI-4571/2021 P1_PA
$A/India/NIV-SARI-4571/2021 _P2_PA

#A/goose/Guangdong/1/1996
$AR/India/NIV-SARI-4571/2021_PA
4R/India/NIV-SARI-4571/2021 P1_PA
$A/India/NIV-SARI-4571/2021_P2_PA

#A/goose/Guangdong/1/1996
4R/India/NIV-SARI-4571/2021 PR
4R/India/NIV-SARI-4571/2021 P1_PA
#A/India/NIV-SARI-4571/2021_P2_PA

#R/goose/Guangdong/1/1996
4R/India/NIV-SARI-4571/2021 PR
$A/India/NIV-SARI-4571/2021 _P1_PA
#A/India/NIV-SARI-4571/2021_P2_PA

#R/goose/Guangdong/1/1996|0
#A/India/NIV-SARI-4571/2021 HA
4A/India/NIV-SARI-4571/2021_P1_HA
#R/India/NIV-SARI-4571/2021 P2 HA

#R/goose/Guangdong/1/1996|0
#A/India/NIV-SARI-4571/2021 HA
4A/India/NIV-SARI-4571/2021 Pl _HA
#A/India/NIV-SARI-4571/2021_P2_HA

#A/goose/Guangdong/1/1996|0
#A/India/NIV-SARI-4571/2021 HA
#R/India/NIV-SARI-4571/2021 P1 HA
#A/India/NIV-SARI-4571/2021_P2_HA

#R/goose/Guangdong/1/199610

#n/ Indla/NIV*SARI*‘IEﬂl/ZOZ17HA
4R/India/NIV-SARI-4571/2021 Pl HA
4R/India/NIV-SARI-4571/2021 P2 HA

4R/goose /Guangdong/1/199610
#A/India/NIV-SARI-4571/2021 HA
4R/India/NIV-SARI-4571/2021 Pl HA
#R/India/NIV-SARI-4571/2021 P2_HA

4R/goose /Guangdong/1/199610
#A/India/NIV-SARI-4571/2021 HA
4R/India/NIV-SARI-4571/2021 Pl HA
#R/India/NIV-SARI-4571/2021_P2_HA

MEDEVRQCFN PMIVELAEKA MKEYGEDPKI ETNKFAAICT HLEVCEMYSD FHFIDERGES TIIESGDPNA LLKHRFEIIE GRDRTMAWTV VNSICNTTGV

............................................................ S |
............................................................ M
............................................................ S |
EKPKFLPDLY DYKENRFIEI GVTRREVHTY YLEKANKIKS EKTHIHIFSF TGEEMATKAD YTLDEESRAR IKTRLETIRQ EMASRGLWDS FRQSERGEET
Dovevnnnnn Sevine vriieanan Lo ettt et e e e iaeeeaeeen eaaaeeaas eaeaaaaan Povvrnnnnnnn
Devennnnn Seviie ot D e i et i e eea e eaeaeeaeae aeaeaeaa P
Duvevnnnnn St e Lo ettt i e e e e e P

GIPLYDAIKC MKTFEGWKEP NENYLLAWKQ VLAELQDIEN EEKIPKTKNM RKTSQLKWAL GENMAPEKVD FEDCKDVSDL RQYDSDEPKP

YGFLIKGRSH LRNDTDVVNE VSMEFSLTDP RLEPHRWEKY CVLRIGDMLL RTEIGQVSRP MFLYVRTNGT SKIKMKWGME

FFENKSETWP IGESPKGVEE GSIGKVCRTL ASPQLEGFSA ESRKLLLIVQ ALRDNLEPGT FDLGGLYEAI EECLINDPWY

LLNASWENSF LTHALR* [717]
LK. [717)
JK. [T17)
............... K. [717]

DQICIGYHAN NSTEQVDTIM EKNVTVTHAQ DILEKTHNGK LCDLNGVKPL ILRDCSVAGW LLGNPMCDEF INVPEWSYIV EKASPANDLC YEGDFNDYEE

H. K. K. N...G. s
JH. K. K. N...G. s
CHeeiaan Ko eeie it i e S N...G. Seia...

LKHLLSRTNH FEKIQIIPKS SWSNHDASSG VSSACPYHGR SSFFRNVVWL IKKNSAYPTI KRSYNNTNQE DLLVLWGIHE PNDAREQTKL YQNPTTYISV

....... I.. ...VR....E ...E.EV.L. ..A....Q.N P......... ....NT.... .Kieooonwn oonIoneo LWNELLLWNL Lolol I
....... I.. ...VR....E ...E.EV.L. ..A....Q.N P......oow oo WNToun WKeewwnnn. oonloneoo. SWNELLLWNL Loaa...l I
....... I.. ...VR....E ...E.EV.L. ..A....Q.N P.......uw «ouW NTeown WKowviwuen wonIoeeo. SWNE.LLWNL Lo.u. ..l D

GTSTLNQRLYV PEIATRPKVN GQSGRMEFEW TILKPNDAIN FESNGNFIAP EYAYKIVKKG

ECPKYVKSNR WYGYHHSNEQ

VWTYNAELLV LMENERTLDF HDSNVKNLYD KVRLQLRDNA KELGNGCFEF YHKCDNECME SVKNGTYDYP QYSEEARLNR

...... X M. CReviiiin e...8.KL

e s X M. .R. S..K.

......................... R. R S S S
EEISGVKLES MGTYQILSIY STVASSLALA IMVAGLSLWM CSNGSLQCRI CI* [553]
......... I S N [553]
......... = S [553]
......... 2 e [553]
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#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 NP
#A/India/NIV-SARI-4571/2021_P1_NP
4A/India/NIV-SARI-4571/2021 P2 NP

#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 NP
#A/India/NIV-SARI-4571/2021_P1_NP
#R/India/NIV-SARI-4571/2021 P2 NP

#A/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 NP
#R/India/NIV-SARI-4571/2021 P1 NP
#R/India/NIV-SARI-4571/2021 P2 NP

#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 NP
#R/India/NIV-SARI-4571/2021 P1 NP
#R/India/NIV-SARI-4571/2021 P2 NP

#A/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 NP
4R/India/NIV-SARI-4571/2021 P1 NP
$A/India/NIV-SARI-4571/2021 P2 NP

#R/goose/Guangdong/1/1996|0
#A/India/NIV-SARI-4571/2021 NA
#A/India/NIV-SARI-4571/2021_P1_NA
#R/India/NIV-SARI-4571/2021 P2 NA

#R/goose/Guangdong/1/1996|0
#A/India/NIV-SARI-4571/2021 NA
4A/India/NIV-SARI-4571/2021_P1_NA
#A/India/NIV-SARI-4571/2021_P2_NA

#h/goose/Guangdong/1/1996|0
#A/India/NIV-SARI-4571/2021 NA
#A/India/NIV-SARI-4571/2021 P1 NA
#A/India/NIV-SARI-4571/2021_P2_NA

#A/goose/Guangdong/1/1996|0
#A/India/NIV-SARI-4571/2021 NA
#R/India/NIV-SARI-4571/2021 P1 NA
#A/India/NIV-SARI-4571/2021_P2_NA

$R/goose/Guangdong/1/199610
#A/India/NIV-SARI-4571/2021 NA
4R/India/NIV-SARI-4571/2021_P1 NA
#R/India/NIV-SARI-4571/2021_P2_NA

#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021_MP
#A/India/NIV-SARI-4571/2021_P1_MP
4R/India/NIV-SARI-4571/2021_P2_MP

#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 MP
#A/India/NIV-SARI-4571/2021 P1 _MP
4A/India/NIV-SARI-4571/2021 P2 _MP

#R/goose/Guangdong/1/1996
#A/India/NIV-SARI-4571/2021 MP
#A/India/NIV-SARI-4571/2021 P1 _MP
#R/India/NIV-SARI-4571/2021 P2_MP

#A/goose/Guangdong/1/1996
4R/India/NIV-SARI-4571/2021 _MP
4R/India/NIV-SARI-4571/2021 P1 _MP
#A/India/NIV-SARI-4571/2021_P2_MP

MASQGTKRSY EQMETGGERQ NATEIRASVG RMVGGIGREY IQMCTELKLS DYEGRLIQNS ITIERMVLSA EDERRNKYLE EHPSAGKDPK KTGGPIYRRR [100]
........................................ VierersQuu viinnriins vaeniainae eeeaR feerssiaes caeeeeaess [100]
........................................ o & L Lo5
........................................ R A & K6 1ob
DGKWVRELIL YDKEEIRRIW RQANNGEDAT AGLTHMMIWH SNLNDATYQR TRALVRTGMD PRMCSLMOGS TLPRRSGAAG AAVKGVGTMV MELIRMIKRG [200]
P Lover wennn et e e e e e i [200]

Mt e e Lover vennn Tttt et e e e ieaeeeas [200]

M i e Lover vennn Tt e e e e e aeeaaaa [200]
INDRNFWRGE NGRRTRIAYE RMCNILKGKF QTARORAMMD QVRESRNPGN AETEDLIFLA [300]
............................................................ [300]
[300]

[300]

IDPFRLLONS QVFSLIRPNE NPAHKSQLVW MACHSAAFED LRVSSFIRGT RVAPRGQLST RGVQIASNEN METMDSSTLE LRSRYWAIRT RSGGNTNQOR [400]

MNPNOKIITI GSICMVVGII SLMLOIGNII SIWVSHSIQT GNOHQAEPCN OSIITYENNT WVNOTYVNIS NTNFLTEKAV ASVTLAGNSS LCPISGWAVH [100]
M.. .LV...L..V ..I T. LM..R..F.I EA,...0-=y o==—=——=== ———ommoo LAY .R. [100]
M.. .LV...L..V ..I .T. LM..R..F.I EA.....-=. .=====-=== ——==—c-oo- ALV .R. [100]
....... M.. .LV...L..V ..I.....T. LM..R..F.I mmmmmm oo A.V. R..... [100]
SKDNGIRIGS KGDVEVIREP FISCSHLECR TFFLTQGALL NDKHSNGTVK DRSPHRTLMS CPVGEAPSPY NSRFESVAWS ASACHDGTSW LTIGISGEDN [200]
e T D [200]
Bt et e e e e e P D [200]
Bt e e e e e T D [200]
CACVNGSCET [300]
.......... [300]
[300]
[300]
REWVSENONL EYQIGYICSG VFGDNPREND GTGSCGPVSP NGAYGVKGES FKYGNGVWIG RTKSTNSRSG [400]
.......... [400]
[400]
[400]
GYSGSFVQHP ELTGLDCIRP CFWVELIRGR PKESTIWTSG SSISFCGVNS DTVGWSWEDD AELPFTIDK* [470]
.I. E..S.....G [470]
.I. E..S.....G [470]
.................... S S Y < S & LoD
MSLLTEVETY VLSIVPSGPL KAEIAQRLED VEAGKNTDLE ALMEWLKTRE ILSPLTKGIL GEVETLTVPS ERGLORRREV ONALNGNGDP NNMDRAVKLY [100]
.......... [ - P e e Lo}
.......... T L N S oL}
.......... L P & o Lo}

EAMEVASOAR QMVOAMRTIG THPSSSAGLK DNLLENLOAY QKRMGVOMOR FK* [253]

N “R . [253]
N ‘R [253]
N Roviiiiinnnn eeeanan [253]

PTKNEWECKC SDSSDPLVVA ASIIGILHLI LWILDRLFFK CIYRRLKYGL KRGPSTEGVP ESMREEYRQE QQSAVDVDDG HFVNIELE*
H.R.....R.
H.R..
H.R..
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4R/goose/Guangdong/1/1996 MDSNTITSFQ VDCYLWHIRK LLSMRDMCDA PEDDRLRRDQ KALKGRGSTL GLDLRVATME GKKIVEDILK SETNENLKIA IASSPAPRYI TDMSIEEMSR [100]
#A/India/NIV-SARI-4571/2021 NS

#A/India/NIV-SARI-4571/2021_P1 NS
#A/India/NIV-SARI-4571/2021_P2_NS

#B/goose/Guangdong/1/1996 EWYMLMPRQK ITGGLMVEMD QATMDKRIIL KANFSVLFDQ LETLVSLRAF
#A/India/NIV-SARI-4571/2021 NS G.H.M..K..
#A/India/NIV-SARI-4571/2021 P1 NS G.H.M..K..
#A/India/NIV-SARI-4571/2021_P2_NS G.H.M..K..

SIRASENIQR [200]

#B/goose/Guangdong/1/1996 FAWGIHDENG GPSLPPKQKR YMAKRVESEV *

#A/India/NIV-SARI-4571/2021 NS ..... R.ev.. ..P.L.E...

#A/India/NIV-SARI-4571/2021 P1 NS  ..... Rev.o 2P L.E...

#A/India/NIV-SARI-4571/2021 P2 NS ..... R.... ..P.L.E...

#A/goose/Guangdong/1/1996 OQDILQRMSKM QLESSSVDLN GMITQFERLK IYRDSLGESM MRMGDLHSLQ NRNATWRNEL SQKFEEIRWL IAECRNILTK TENSFEQITF LOALQLLLEV

42/India/NIV-SARI-4571/2021 NS .eeennniren weevennnns
42/India/NIV-SARI-4571/2021 PL NS  .eeeuunrnr cevvvnnnns
#A/India/NIV-SARI-4571/ 2021 P2 NS  seurnnnnrs snsnsnnnens

#A/goose/Guangdong/1/1996 ESEIRTFSFQ LI*
4R/India/NIV-SARI-4571/2021 NS ..........
$R/India/NIV-SARI-4571/2021 P1 NS  ..........
#A/India/NIV-SARI-4571/ 2021 P2 NS  .uuvnnnnns

Appendix Figure 2. Amino acid alignment of 11 genes relative to A/goose/Guangdong/1/1996as
prototype virus and the sequence obtained from the clinical sample and the passaged 1 and 2 virus of
newly identified H5N1virus.
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